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Nutgrass, Cyperus rotundus L., a native of the Tropics, is found 
even in the warmer portions of the Temperate Zone. It is one of the 
most troublesome perennial weeds of cultivated lands wherever 1t 
grows. Vegetables and row crops such as cotton and potatoes are 
generally more seriously affected by nutgrass than such crops as 
sugarcane and the cereals. Present methods for eradicating or con- 
trolling nutgrass have not been entirely satisfactory because of its 
efficient manner of vegetative propagation and the rapid growth and 
deep penetration of its underground rhizomes and tubers. 


*Formerly Assistant Director and Plant Physiologist, Plant Physiologist, and 
Agronomist, respectively, Federal Experiment Station in Puerto Rico. 
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During the past 5 years the Federal Experiment Station at Ma- 
yaguez, P. R., has conducted basic studies, some of which have been 
previously reported (33)?, on the physiology and morphogenesis of 
the species to find the most vulnerable stage in its life cycle. Field 
and greenhouse experiments were also conducted with herbicides in 
an effort to find a practical method of eradicating or controlling this 
nuisance. ‘The results of these investigations are here reported. 


BOTANY AND USES 


Nutgrass, or cocograss as it is called in the southern United States, 
is botanically a sedge. Itis a member of the family Cyperaceae of the 
order Cyperales. The order consists of the one family, which is of 
worldwide distribution (25). 

The nutgrass plant has been described as consisting of an under- 
eround system of roots, tubers, basal bulbs, and connecting rhizomes, 
and aboveground of rosettes of leaves and umbel-bearing scapes (39). 
At the junction of the rhizome and leaves, a tuberous enlargement 
develops, which is termed a basal bulb. A diagram of the plant is 
shown in figure 1. 

There is a close resemblance in structure between the tuber and rhi- 
zome. Buds and scale leaves are present on both the young rhizome 
and tuber; they are lost on the mature rhizome but persist on the 
tuber. The mature rhizome is a black, wiry strand about 0.3 mm. in 
diameter that appears lifeless to the naked eye. 

The basal bulb is a stemlike structure consisting of a closely ap- 
pressed series of leaves, sheathing and arising from a tuberous base, 
and connected to the tubers by a rhizome. It is probable that all buds 
give rise to rhizomes, some only a millimeter or two long, others several 
centimeters long. The rhizome may terminate in a basal bulb or a 
tuber. 

The leaves are linear in shape, of the grass-sedge type, about 4 to 5 
mm. in width, and up to 40 cm. long. The flower is an inconspicuous 
panicle that seldom bears fertile seeds. The fruit isan achene. A]- 
though each plant is small and seldom bears more than 10 leaves, 
it may, under favorable growing conditions, form a dense carpet on the 
soil. The plant gets its common name from the “nuts” or under- 
ground tubers which sometimes grow very thickly. In fact, over 
1,500 tubers have been found in a cubic foot of Puerto Rican soil. 

In Colombia (77), as in other countries, nutgrass is considered a 
weed, but it was readily grazed by cattle. Chemical analyses showed 
that the nutrient content of nutgrass shoots compares favorably with 
that of Panicum purpurascens Raddi. In some parts of West Africa, 
Cyperus rotundus is regarded as a fodder, and in India the leaves and 
stems are eaten by cattle and the tubers by pigs. The tuberous 
rhizome is used as a cough medicine and in the Gold Coast, an infusion 
of the plant with its roots is given for cattle poisoning (14, pp. 516- 
518). In Puerto Rico, the tubers are ground and boiled with sugar, 
and the product is sold in the local markets as a kidney medicine or asa 
soft drink. | 


* Italic numbers in parentheses refer to Literature Cited, p. 28. 
* The common name for this plant in Puerto Rico is “‘coqui.”’ 
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FicuRE 1—Diagram of nutgrass plant. (1) Shoot, (2) basal bulb, (3) young 
tuber. (3a) young rhizome with scale leaves, (4) tuber, (5) rhizome, and 


(6) bud on tuber. 
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An essential oil which has been used in the preparation of perfumes 
is also obtained from nutgrass tubers. The oil, obtained by extraction 
with petroleum ether, is a brown, viscous substance, and has a strong 
odor similar to a mixture of camphor and pine oil. It consists of a 
mixture of essential oils and fatty substances that can be separated 
by steam distillation. The yield of essential oil from India varied 
from 0.58 to 0.86 percent, whereas yields of 1 percent essential oil are 
reported from Japan. Nuterass oil contains about 30 percent alcohols 
and a large quantity of hy drocarbons. When the oil is distilled 
under vacuum two main fractions are obtained that have been given 
the names of Cyperina and Cyperol. 

Analysis of the tubers made by the School of ‘Tropical Medicine in 
Puerto Rico (4) showed the following composition: Water 45.95 per- 
cent, crude protein 0.71 percent, fat 2.06 percent, carbohydrates 45.13 
percent, crude fiber 4.63 percent, and ash 1.52 percent. A monosac- 
charide in crystalline form has also been isolated. 

The only other important weed species in this genus, Cyperus escu- 
lentus L., the northern or yellow nutgrass, is a serious pest in the 
northeastern and northwestern parts of the United States. It has 
been reported in Puerto Rico, but is not common. The “nuts” or 
underground tubers of this species (chufas, tiger, or Zulu nuts) are 
edible and are eaten raw or roasted in Africa. Sometimes they are 
ground and strained and boiled with wheat flour and sugar. A form 
with large tubers is cultivated in the Gold Coast. In Sierra Leone 
it is made into a kind of chocolate and is also said to have an aphro- 
disiac effect (74). 


STUDIES ON MORPHOGENESIS 


Leperimental—Most of the investigations on morphogenesis were 
done in the greenhouse or laboratory. For these studies, blocks of 
earth were dug from areas heavily infested with nutgrass. The soil 
was washed away and the interlacing rhizomes were carefully sepa- 
rated by hand into individual plants. Single tubers or chains of 1 to 14 
tubers with connecting rhizomes were used in most of these studies. 
They were planted in boxes with slanting glass sides (fig. 2). The 
tubers were laid against the glass so that they were plainly visible. 
Shutters, painted black on the inside, were slipped over the glass plate. 
These shutters could be easily removed for visual examination of the 
plants. Most of these studies were made with sterilized soil to reduce 
the danger of insect or fungus injury. 

Records on early growth were based upon visual observation through 
the glass plate and final records were taken after removal of the plants. 
Observations of growing rhizomes and tubers, in situ, against the glass 
plate showed that tuber formation may be divided into four stages : 
(1) Elongation of the rhizome from a bud, (2) cessation of gr owth, 
(3) expansion of the region just back of the rhizome apex, and (4) new 
growth of the rhizome, “often from the same terminal bud, thus form- 
ing a series of tubers separated by varying lengths of rhizomes. Tuber 
expansion is usually complete before the resumption of growth in 
length of the rhizome. Tubers are also occasionally formed when a 
rhizome branches from an axillary bud. Later, thickening occurs at 
the junction of the rhizome and branch. 
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FIGURE 2.—Box with slanting glass sides to show method of planting. Nutgrass 
tuber systems planted against glass and outlined in white chalk. 


New tubers are formed in about 3 weeks after the planted tuber has 
sprouted. These tubers vary in size from 2.0 to 2.5 cm. in length and 
1.5 to 1.8 cm. in diameter. Formation of the basal bulb is very similar 
to tuber formation, except that the expansion occurs mostly in the 
apicalregion. The leaves in the terminal bud thicken and enlarge, and 
it is from this bud that the shoot emerges. Whether basal bulbs or 
tubers are formed seems to be conditioned largely by the amount of 
hght. Near the surface, shoots and basal bulbs are formed; beneath 
the surface, tubers are formed. The length of the rhizome is partially 
conditioned by light and partially by other factors; rhizomes near the 
surface are short and terminate in a basal bulb, whereas rhizomes some 
distance under the soil are of various lengths ‘between tuber s, from 2 
to 5 mm. to 10 cm. or more. 

Distribution of tubers in soil—Data were obtained on the distribu- 
tion of nutgrass tubers at 3-inch intervals to a depth of 9 inches in a 
heavy clay alluvial soil at Mayaguez, P.R. Most of the tubers occur in 
the first 3 inches of soil. Approximately one-fourth occur in the 
interval from 8 to 6 inches, and only 3 to 5 percent occur in the 6- to 
9-inch depth. Some tubers are found below 9 inches, but seldom do 
they occur below 12 inches. The number of dead tubers found in the 
soil samples examined ranged from 5.6 to 14.5 percent. 

These data are in general agreement with those from Alabama (39) 
and Arizona (77), 1n which 70 to 80 percent of the tubers were found 
in the upper 4 inches of soil. The remainder were found to lie at depths 
down to about 8 inches, but isolated tubers were found as deep as 16 
inches. 

Regenerative capacity.—One of the most troublesome characteristics 
of nutgrass, from the standpoint of its control, is the ability of the 
tuber to send up sprouts over long periods of time. A count of 20 
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tubers showed an average of 8 to 10 buds per tuber which woud be 
the maximum number of sprouts possible, unless adventitious shoots 
are formed. A number of experiments were carried out to determine 
whether the nutgrass tuber has the ability to develop adventitious 
buds or whether sprouting is only from preformed axillary buds. 

Tubers were scraped clean of epidermis and buds and were placed 
in petri dishes on filter paper moistened with distilled water. A1- 
though they remained in the dishes for nearly a year, no buds were 
regenerated, and only an occasional root was formed. ‘Tubers were 
sectioned frequently and always appeared healthy with firm white 
tissues. 

Tubers were cut in half and treated on the cut surface with a number 
of different chemicals in an effort to induce callus growth or adven- 
titious bud formation. No buds were induced, nor was the pattern 
of “healing” changed (33). Sprouting occurred only from preformed 
axillary buds. The number of sprouts from a tuber is apparently 
limited. Therefore, if all the axillary buds can be induced to sprout 
and then are killed, there is no danger of extensive adventitious bud 
proliferation such as occurs in some plants. 

Propagation from seed—Nutgrass seeds are produced throughout 
most of the year in Puerto Rico. Several germination trials were 
made, some with mechanical or chemical scarification. The seeds were 
allowed to remain in sterile sand for 6 months to a year. Only one 
seed germinated out of several thousand tested. In extensive trials 
with nutgrass seed, Justice and Whitehead (26) reported that the seeds 
require an afterripening period. Maximum percentages of germina- 
tion of the heavy seed fractions ranged from 10 to 18. From a total 
of 13,430 heavy seeds tested, 4.1 percent normal and 1.7 percent ab- 
normal seedlings were obtained. Actual seed counts showed that a 
minimum of 4.8 inflorescences would be required to yield a single 
seedling. There was no correlation between the number of seeds con- 
taining embryos and the percentage of germination, but there was an 
apparent correlation between the number of seeds with large embryos 
and percentage of germination. Justice and Whitehead concluded that 
reproduction by seeds was relatively unimportant in the southern 
part of the United States, which is in agreement with our studies in 
Puerto Rico. 

Sprout formation in single tubers.—Nutgrass tubers were placed in 
damp, dark chambers. Some tubers were left intact and placed ver- 
tically, horizontally, or inverted, using modeling clay as a base to 
hold them in place. Others were cut vertically and horizontally 
through the center. Ten tubers were used in each treatment, and were 
studied individually for sprouting. The apical bud sprouted first on 
whole or top halves of tubers in every instance. On the bottom halves, 
the buds nearest the cut surface, 1. e., nearest the apical bud, were first 
to grow. 2,4-D in lanolin at 1.0, 0.02, and 0.01 percent inhibited 
sprouting when applied on top of vertically placed tubers, but it did 
not inhibit sprouting on inverted tubers. When applied on the base 
of vertically placed tubers, 2,4-D had no effect. 

Similar experiments were conducted in dayhght. Under these 
conditions, the apical bud usually sprouted first and the total number 
of buds that sprouted was much greater than when the tubers were 
erown in the dark. These experiments demonstrate the strong domi- 
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nance of the apical bud over the lower buds on the tuber and the effect 
of hght in inducing sprouting. The effect of ight on sprouting is 
discussed in more detail on p. 9. 

An experiment was designed to determine whether polarity was 
strong enough to cause a definite sequence of sprout formation when 
the tubers were separated from the system. Five nutgrass chains of 
5 tubers each were dug from the soil. The tubers were separated from 
the system, planted in 3-inch pots, arranged in a 5 x 5 Latin square, 
and time of germination was recorded. There was no statistically 
significant difference in the time of germination of separated tubers, 
regardless of the position they formerly occupied in the system. 
Similar results were obtained with chains of four. When tubers in 
chains were freed from the dominance of the tep tuber they began to 
orow at equal rates. This is an important fact to consider in planning 
treatment to control nutgrass. If the tuber systems are adequately 
broken up by plowing prior to treatment, the tubers will sprout at 
the same time and be equally susceptible to the herbicide. 

Sprout formation in intact chains —In all of the experiments with 
intact chains planted vertically, sprouting usually occurred only in 
the topmost tuber and only occasionally in other tubers (33). 

In a typical experiment, single tubers and chains of 2, 3, and 4+ were 
selected and planted in a vertical arrangement using 10 in each set. 
Approximately 15 mg. of lanolin containing 1 percent 2,4-D was 
applied to the top tuber only of half of these plantings. 

In the untreated systems sprouts were formed on the topmost tubers 
in 20 days after planting, whereas sprouting was completely in- 
hibited in the treated ones. Root formation occurred in about 5 days 
on both treated and untreated tubers, regardless of their position in 
the system. Root elongation was very rapid and occurred at about 
the same rate on all tubers. 

Death of the roots on the treated tubers was first observed 30 days 
after planting. A week later, all of the roots on the first and second 
tubers in the treated chains were dead, whereas those on the third and 
fourth were still apparently healthy. Five days later the roots on the 
third tubers of treated chains were also affected, whereas all of the 
roots on the controls appeared healthy. 

In other experiments, chains of 2, 3, 4, and 5 tubers were aligned 
horizontally, or vertically, with the morphologically top one on the 
bottom. On one half of these chains the topmost tuber was treated 
with approximately 15 mg. of 1 percent 2,4-D. 

At the end of 10 days, many of these tubers had produced roots 
regardless of inversion, position, or treatment, and the sprouting in 
the various systems was nearly equal, regardless of position or treat- 
ment in either the horizontal or inverted chains. Some of these results 
are shown in figure 3. There was no inhibition of sprouting such as 
occurred when the chains were placed in their normal position or in 
vertical arrangement. 

Effect of killing rhizome tissues —Since it was apparent that sprout- 
ing of the lower tubers in a system was inhibited by the apical 
dominance of the top tuber, and since inhibition of buds on other 
plants may be overcome by injuring the stem, it was decided to test 
the effect of killing the rhizome tissues, which serve as the only 
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FIGurE 3.—Sprouting in tuber systems as affected by arrangement and treatment 
with 2,4-dichlorophenoxyacetic acid. A, Vertical arrangement; only top tuber 
sprouted. 6B, Inverted arrangement; 3 tubers sprouted. C, Horizontal ar- 
rangement; 5 tubers sprouted. OD, Vertical arrangement plus 2,4-D on top 
tuber only; no sprouting. #, Horizontal arrangement plus 2,4-D on top tuber ; 
all tubers sprouted. Sprout on top tuber was later killed. 


connecting links between tubers. Twenty-three intact systems con- 
sisting of from 4 to 10 tubers were carefully dug and washed. The 
rhizomes were given the following treatments: (1) Placed in boiling 
water for 30 seconds, (2) in boiling alcohol for 30 seconds, or (3) in 
boiling alcohol for 3 minutes. Only the rhizome was treated; the 
tubers were left intact and did not come in contact with the hot water 
or alcohol. 

Placing the rhizomes in boiling water or boiling alcohol for 30 


seconds to 3 minutes resulted in the sprouting of all of the tubers in 
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the chain. Some of the treated chains had as many as 10 tubers, all of 
which sprouted at the same time as the separated ones. 

A similar experiment was conducted to determine whether 2,4-D 
would translocate in the treated and presumably killed tissue of the 
rhizomes. 

Nutgrass systems were planted in a vertical arrangement. One 
group of 6 chains was left untreated, the rhizomes of a second group 
of 6 chains were treated for 60 seconds in boiling water previous to 
planting, and the rhizomes of a third group were treated in a similar 
manner and, in addition, approximately 15 mg. of 1-percent 2,4-D in 
lanolin was applied to the top tuber. 

The results obtained 1 month after treatment are shown in table 1. 

In the untreated chains, sprouting usually occurred only on the 
topmost tuber. In the chains with killed tissue in the rhizomes, nearly 
all the tubers sprouted, and in the 2,4-D-treated chains with killed 
rhizomes, sprouting was inhibited only on the top tuber. Most of the 
lower tubers sprouted and there was no death of either roots or 
sprouts, showing that the apphed 2,4-D failed to translocate through 
the killed tissues of the rhizome. 


Taste 1.—Sprouting of tubers in intact chains after treatment to kill 
rhizome tissue and the addition of 2,4-D to top tubers only 


| Top 
Treatment _Tubers | Chains Sprouted Sprouts tubers 
| | sprouted 


| Number | Number Number | Percent | Number 


GEE FI) [ete wpe orc canoe ee nS 24 6 Sy 33.35) 5 
Rhizomesckilieds= = <= 352 27 6 | PANS ash best) 5 
Rhizomes killed-+ 2,4-D________ 26 6 | TS ie OT Ens 0 


| 


Sections made of untreated mature rhizomes contained healthy 
phloem tissue consisting of well-developed sieve tubes and compan- 
ion cells. Parenchyma cells are located primarily in the center of the 
rhizome but are also scattered among the vascular bundles (fig. 4). 
These cells are normal in appearance, resembling the parenchyma cells 
of the tuber. They also contain large quantities of starch grains. 
Since auxin transfer occurs only in living tissue, the presence of living 
cells even in the mature rhizome suggests that the apical tuber exerts 
its dominance by auxin transfer through these cells. Killing these 
cells prevents the movement of natural or applied auxin and releases 
the lower tubers from the dominance of the top tuber. 

Effect of light on sprouting—Since light is known to affect sprout- 
ing in plants, an experiment was carried out to test its effect on nut- 
grass. Five chains of 6 tubers each were planted in a box with slant- 
ing glass sides so that they were pressed tightly against the glass by 
the soil in the box. T hus, the tubers and rhizomes were kept moist by 
the soil but were exposed to hght during the day. A similar set was 
planted in darkness as a control. Extensive sprouting of buds oc- 
curred in the tubers exposed to ight. When they were removed from 
the soil and examined 1 month later, it was found that 16 out of 26 
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FIcuRE 4.—X-section of nutgrass rhizome, showing thick schlerenchyma sheath, 
pericycle, endodermis, xylem, phloem, and central pith. 


tubers had germinated, with an average of 5 shoots per tuber, indi- 
cating that hght destroyed apical dominance both in the system and 
in the tuber (fig.5). Only 7 tubers out of 24 sprouted in the controls, 
and these had only 1 sprout each. 

The foregoing fundamental studies show that in many respects 
nutgrass resembles other, more “typical” plants. Jor example, dom- 
inance of the apical tuber over lower tubers in the same system may be 
hkened to the dominance of the apical bud over the other buds on a 
typical shoot. Inducing sprout formation on the lower tubers by heat 
treatment of the interconnecting rhizome is similar to girdling the 
stem of dicotyledonous plants to induce bud growth, in that, in both 
instances, the phloem and cortical parenchyma are killed or removed. 
The nature of sprout formation suggests that methods of control 
should consist of treatments designed to disturb the underground sys- 
tems as much as possible, i. e., break the chains and bring the tubers 
near to the surface, etc. The tubers will sprout more uniformly and 
may then be killed by herbicidal treatment. 

Our experiments indicated that the most vulnerable period in the 
hfe history of nutgrass is within the 3 weeks after the first sprouts 
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FIGURE 5.—Numerous sprouts produced by nutgrass tuber exposed to light, demon- 
strating that light destroyed the apical dominance. Tubers planted in dark- 
ness usually produced only one sprout which grew from the apical bud. 


appear. ‘Treatment of the sprouts should be made at this time, since 
it is during this period that rapid growth is occurring and no new 
underground tubers have yet been formed. 


METHODS OF CONTROLLING NUTGRASS 


Since nutgrass is a serious menace to agriculture in large areas of 
the Tropics and subtropics many different methods have been tried to 
control and eradicate the pest. The methods tried to date have gen- 
erally resulted in varying degrees of success. Complete eradication 
has seldom been achieved, and the methods that have been successful 
are usually too expensive or time-consuming to be used on a large 
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scale. Some of the more important methods that have been used to 
combat nutgrass at this station and elsewhere are described below. 

The use of livestock for controlling nutgrass is recommended in 
Queensland (50). Pigs will root out the tubers if they are permitted 
to do so and poultry will pluck all the young shoots so that an area will 
be nearly clean within a couple of years (3). However, in Alabama 
(32) chickens were effective in eradicating nutgrass only on small areas 
and when they were sufficiently numerous to ‘keep the leaves eaten to 
the ground. Geese effectively controlled nutgrass in half-acre areas 
GE opped to cotton but not on uncropped land. 

Parasitic insects of nutgrass such as coccids and mealybugs (44) do 
not seem to exercise any great control. Such insects exist in Australia 
and Hawaii and have also been tested in F 1j1 (36). Only the moth 
Bactra from Hawaii gave some measure of control. 

In Fiji (75), in Puerto Rico, and elsewhere, nutgrass is not a major 
pest of sugarcane, cotton, and corn, except during the early stages of 
erowth. It is, however, a serious pest of root crops, such as potatoes 
and peanuts, and of crops that are not cultivated, like dryland rice. 
In small plots nutgrass may be eradicated by digging up and burning 
the roots and tubers, but it is a laborious and expensive method and 1s 
impracticable on a field scale. 

In the Sudan (2) cutting the root system below the depth of the 
lowest tuber and allowing the severed tubers to remain in the dry soil 
for at least 1 month is recommended as a measure of control. In 
Arizona (16, 17) 1t was demonstrated that there is a direct relation- 
ship between nutgrass eradication and moisture supply. Experiments 
with potted plants showed that when the soil moisture decreased 2 per- 
cent below the moisture equivalent, tubers as well as tops decreased in 
weight. The tuber-to-top ratio was higher than average when soil 
moisture minimum was below the wilting coefficient. Eradication by 
drying was effected in 2 years by bringing the tubers near the surface 
through successively deeper plowing at intervals of 2 to 3 weeks dur- 
ing midsummer. 

Similar experiences are reported from Alabama (39, 40, 47) where 
it was found that the tubers of nutgrass are readily killed by drying 
and by exposure to sunlight. A temperature of 60° C. or over killed 
the tubers in 1 hour, but at lower temperatures much longer exposure 
was necessary. Freezing for 8 hours had no effect on viability. Nut- 
grass was completely eradiacted from a sandy loam soil by plowing or 
disking at intervals of up to 3 weeks during 2 consecutive seasons. ‘The 
infestation was reduced about 80 percent by the first year’s treatment. 
The same tillage was applied to 10 different soils with the same result. 
Plowing with a scrape produced the same results as plowing with the 
turnplow. Tubers below plow depth survived and the remaining ones 
could be dug up as they sprouted. The method was not suitable on 
permanently moist soils. 

Mechanical methods of control, other than digging, are considered 
ineffective in Australia (42) and other countries where cultivation of 
the soil in many cases only resulted in spreading the tubers further. 
In Queensland (50) it was found that cultivation at frequent intervals 
reduced the competition from nutgrass but did not eradicate it. The 
possibility of eradicating nutgrass by deep cultivation was demon- 
strated in India (7). In one case success was achieved when the land 
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was kept fallow for two seasons and cultivated fortnightly (43). The 
same method is also recommended in Thailand. 

In a few cases (3, 50) frequent flaming or burning has been success- 
fully used to combat nutgrass, and in Fiji (15) the weed was readily 
controlled and soon eradicated by prolonged flooding of the esa 
land. 

In Mississippi (28) applications of LHH-1 (naphtha oil) at a rate 
of 2.5 gallons per acre did not affect nutgrass. ‘Talley (44) found that 
spraying the soil and basal stems with naphtha oils having an aromatic 
oil content of 23 to 25 percent and a boiling range of about 300°—400° 
I’., gave excellent corn of nutgrass shoots but not of tubers. 

E aperiments with 2,4-D —Hormone treatments, mainly of the 2,4-D 
type, have been used by several investigators for combating nutgrass. 
Buckley in Malaya (45) pointed out that such treatments can have the 
reverse effect to that intended, since the 2,4-D resistant grasses benefit 
from the destruction of competing species. This has ‘actually hap- 
pened in sugarcane fields in Puerto Rico. The constant use of 2,4-D 
has eliminated most of the broad-leaved weeds and has created a more 
serious weed problem with the perennial grasses. 

In Tucuman, Argentina (79) 2,4-D was applied at different stages 
of development, in “concentrations ¥ anging from 0.05 to 0.3 pere cent. 
The effect on the foliage and stems was satisfactory on the whole, a 
“kill” in some cases of 95 percent and over being obtained within 20 
days after treatment. The action of the 2,4-D generally penetrated 
as far as the growing point, 5 cm. below the sur face, but the great 
majority of the tubers were unaffected. In Louisiana Gi ga pounds 
per acre of 2,4-D amine salt caused rapid kills of the tops and some 
of the basal nuts but did not materially reduce the number of nuts in 
the soil. Applications of a mixture of 2,4-D amine salt and sodium 
trichloroacetate (TCA) did not give significantly better control than 
either herbicide used alone. 

West (49) reported from Florida ha wetting nutgrass with 2,000 
parts per million (p. p.m.) of either the ethyl ester or the sodium 
salt of 2,4-D, eradicated 90 percent of the nutgrass sprouts on heavily 
infested plots, although loose, dormant nuts were not affected. Har- 
rison (24), Burgis (6), and Burgis and Spencer (9) found that ap- 
Giants of 4 pounds or more per acre killed the tops, especially with 
repeated sprayings (7,8). 

The use of 2,4-D has been recommended as a control measure for 
nutgrass in sugarcane (46, 47) either alone or in eae with 
an herbicidal oil (34), although other workers (72, 73, 29) found no 
permanent reduction in stand or satisfactor vy er eam this chem- 
ical nor has it proved effective on northern nutgrass, Cyperus esculen- 
tus Li. (35). 

Eames (20,27) found that when nutgrass was treated with a growth- 
regulating substance of the 2,4-D group, the stimulus given by the 
substance was immediate and brief, and that there was no later stimu- 
lus without further treatment. Some tissues and parts of organs 
(e. g., the leaves) were stimulated to mature at once in abnormal form; 
other tissues (e. g., in the stems) became abnormally meristematic 
under the stimulus and formed abnormal tissues continuously for some 
time or as long as the organ lived. New tissues and organs formed 
after treatment were not affected. 
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Evidence gained during the studies on the life history of nutgrass 
suggested that it could be controlled by upsetting the natural auxin 
relationship, i. e., overcoming the dominance of the top tuber and thus 
inducing more tubers to sprout. Tubers can be treated effectively 
with an herbicide after they sprout by inverting or breaking up the 
chain, or by bringing the tubers to the surface. 

The following experiment was designed to test this theory under 
field conditions. Two adjacent areas heavily infested with nutgrass 
were divided into 6 plots, each 22 x 17 feet, and 1 area was thoroughly 
plowed and disked. Three plots in each area were left untreated, 
and 3 were treated with 5 pounds per acre of the isopropyl ester of 
94-D.4 Previous work had shown that formation of new tubers 
began about 3 weeks after sprouting, hence, spraying was done about 
18 to 21 days after the first sprouts appeared. The undisturbed plots 
were sprayed at the same time. One month after spraying the plowed 
plots were again plowed, and 3 weeks later both plowed and unplowed 
areas were sprayed again with 2,4-D at the rate of 5 pounds per acre. 
The same procedure was repeated 6 times at intervals over a period 
of 1614 months. 

Tubers were counted in a square foot sample taken to a 9-inch depth 
from each plot before treatments were applied and 1 month after the 
second and subsequent sprayings. <A reduction of 89 percent of live 
tubers occurred in the plots that were both plowed and sprayed 1614 
months after the experiment was initiated and after the sixth spray 
treatment. The tubers increased about 68 percent in plots that were 
plowed only (to as high as 1,615 tubers in a sample block). The 
number of tubers in plots that were unplowed and sprayed was re- 
duced about 67 percent, and in the unplowed-untreated plots, a reduc- 
tion of 55 percent occurred. No nutgrass sprouts were visible, how- 
ever, in the unplowed plots after the second spray treatment because 
Bermuda grass (Cynodon dactylon Li. Pers.) covered them completely. 
On the other hand, there was relatively little Bermuda grass but a 
considerable number of nutgrass shoots in the plowed areas; conse- 
quently, a superficial examination of the experimental area might 
have led to the erroneous conclusion that control was most effective 
on the unplowed land. The percentages of tubers remaining after 
each spray application are shown graphically in figure 6. 

Although the reduction of nutgrass tuber infestation in this experi- 
ment has been insufficient to date to consider any of the treatments as 
a practical method of eradication (since even 11 percent of the tubers 
would be sufficient for reinfestation), the results substantiate the 
theory that nutgrass tuber population can be reduced more effectively 
by inducing maximum sprouting before treatment with 2,4-D. 

This experiment also demonstrates that a treatment such as plowing, 
which is effective under dry climatic conditions in Arizona (/7), is 
ineffective under humid conditions and may actually increase the 
infestation as it did in this instance. It also shows the ability of 
tubers to survive in the soil for long periods without sprouting and 
the necessity of making counts of the tubers rather than relying on 
visual examination of the sprouts alone. 


* All 2,4-D weights indicated in this bulletin are on an acid equivalent basis. 
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FIGURE 6.—Percentage of live nutgrass tubers remaining after each treatment 
with 2,4-D. Last count made 1614 months after the experiment was started. 


Combination of 2,4-D and pentachlorophenate—Preemergence 
weed-control experiments indicated that combinations of 2,4-D and 
pentachlorophenate (PCP) significantly reduced nutgrass popula- 
tions. An experiment was conducted to test repeated applications of 
these herbicides alone and when combined. Five replications of the 
following treatments were applied to a plowed and disked area heavily 
infested with nutgrass: (1) PCP at 380 pounds per acre alone, (2) 
with 5 pounds of sodium 2,4-D, (8) PCP at 60 pounds per acre alone, 
(4) with 10 pounds of sodium 2,4-D, (5) sodium 2,4-D alone at 5 
pounds per acre, and (6) at 10 pounds per acre. 


16 FEDERAL EXPERIMENT. STATION, PUERTO RICO 


Six weeks later a second application of herbicides was made to 4 
replications of each treatment, and 1 month later a third application 
was made to 3 replicates of each treatment. Plots treated with PCP 
and 2,4-D at the high or low rate either alone or combined were free 
of all vegetation for about 1 month after the last application. Ber- 
muda grass then gradually spread over the area until all the treated 
plots were completely covered with this species. | 

In the meantime the check plots became heavily infested with nut- 
grass. Examination of the soil to a depth of 12 inches, 2 months after 
the last application, showed that there were some live tubers present 
in all the treated plots, and there were no appreciable differences in 
the effectiveness of any of the treatments. Either 2,4-D and PCP 
alone or combined at the rates tested (5 pounds 2,4-D ; 30 pounds PCP 
per acre) apphed at monthly intervals for 38 months were equally effec- 
tive as the high rates in killing nutgrass shoots and in reducing but not 
eradicating the dormant tubers. This experiment also demonstrates 
that the suppression of one weed pest such as nutgrass may result in 
the substitution of another weed such as Bermuda grass. 

2.4-D and smother crop.—tin Fiji (36) satisfactory control of nut- 
grass has been achieved by growing a green manure crop. In the 
Turkoman Soviet Republic (3/7) the use of alfalfa in rotation with 
cotton was found to reduce considerably the stand of nutgrass. 
Panicum maximum Jacq. has been used with some success as a biologi- 
cal control measure in Hosur, India (37). It persists in the field for 
several years and eradicates the nutgrass by smothering it. In Tucu- 
man, Argentina (38), it is recommended that farmers and especially 
citrus growers raise Stizolobium spp. to check the growth of nutgrass. 

The following experiment was conducted at this station in an 
attempt to eradicate nutgrass with repeated applications of 2,4-D 
followed by a smother crop after the 2,4-D had dissipated. 

An area heavily infested with nutgrass was divided into 18 plots 
80 x 15 feet and grouped into 8 series, each containing 6 plots. Within 
each series, 2 plots were designated as checks, 2 received sodium 
2,4-D at 1.38 pounds per acre, and 2 received 2,4-D at 2.6 pounds per 
acre. On one series of plots the 2,4-D was apphed for a month at 2- 
week intervals and was followed by tillage; and similar treatment 
was applied to another series for 2 months, and to the third series for 
3 months. Velvetbeans (Stizolobium deeringianum Bort.) were 
planted as a smother crop 2 weeks after the last 2,4-D application in 
each series. Because of a drought during the experimental period, 
the velvetbeans failed to germinate in any of the plots, including 
the controls, until heavy rains stimulated the growth of both the 
velvetbeans and nuterass. 

Six months after the experiment was initiated, and about a month 
after the rains started, all treated and check plots were heavily 
infested with nutgrass. <A large percentage of the velvetbean seed 
had also germinated and the entire experimental area was soon covered 
with a vigorous growth of velvetbean vines. The nutgrass became 
yellow and unthrifty and was eventually shaded out by the velvetbeans. 
When the velvetbeans were plowed under later to make space for other 
experiments the nutgrass grew as vigorously as before. 

The poor results with 2,4-D in this experiment were attributed to the 
fact that after it was applied it was plowed into the soil which 
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apparently diluted it too much. In the previous experiments 2,4-D 
was applied after the land was prepared. This provided a thin film 
of the herbicide which the nutgrass shoots contacted when they 
emerged from the soil. 

This experiment demonstrates that vigorous leguminous cover or 
forage crops such as velvetbeans can be grown successfully without 
mechanical or chemical weed control, in areas heavily infested with 
nutgrass. If adequate soil moisture is available the legume competes 
successfully with the nutgrass by shading out and temporarily sup- 
pressing it. 

Clonal resistance studies —Conflicting results have been reported in 
controlling nutgrass with 2,4-D. T hese may be accounted for by the 
presence of resistant strains that could conceivably exist in different 
numbers in different areas. Treatment with 2,4-D might kill off the 
susceptible ones and leave the resistant strains to multiply. To test 
this hypothesis nutgrass tubers were obtained from various areas of 
Puerto Rico and were tested for resistance to 2,4-D. 

Tuber samples were obtained from the station grounds and from 
heavily infested areas in various parts of the island. Most of the clones 
from the station grounds were from areas that had previously been 
treated several times with 2,4-D. Thus, any susceptible strains would 
presumably have been killed although the resistant strains would have 
multiplied and would be more likely to occur in these samples. Blocks 
of earth approximately 1 cubic foot in volume were dug and washed 
to remove the nutgrass systems intact. Each chain of tubers was 
treated as a separate clone and was multiplied by dividing each tuber 
into four pieces. Each piece was planted individually in a small con- 
tainer on the greenhouse bench. Three weeks after the shoots emerged 
they were sprayed with 0.3 percent 2,4-D acid (ammonium salt) which 
has been recommended for killing nutgrass (46, 48). There were 10 
replications of each clone. 

Death of the sprouts occurred in all treated plants, regardless of 
origin, over a period of 3 weeks after treatment. Plants treated when 
3 weeks of age, or younger, showed no signs of recovery. Treatment 
of older plants of the same clones also resulted in death of the sprouts, 
but new growth often occurred from underground tubers. It was 
found that plants 8 to 4 weeks old began to produce new underground 
tubers which sprouted after the top was killed. These results suggest 
that resistance to 2,4-D is not a clonal characteristic. They also sub- 
stantiate the observations made previously that the ability of nutgrass 
to recover from treatment with 2.4-D stems from the fact that only the 
sprouts and top tubers are killed, whereas the tubers further down 
the chain are not. 

In other experiments carried out at this station it was found that 
2,4-D was more effective if it was applied after the ground had been 
plowed than if it was applied first and then mixed with the soil. Also 
better control of nutgrass was attained if the 2,4-D was applied a week 
or more after the land had been plowed. Temporary control of nut- 
grass shoots in corn and sugarcane was achieved by spraying with 
0.2 percent 2,4-D. The ester ‘formulation was more effective i in kilhng 
the shoots and basal bulbs than were the sodium or amine salts, but the 
salt formulations were better for killing the tubers in plowed soil. 
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Experiments similar to the foregoing ones with 2,4-D were also 
conducted with 2,4,5-trichlor ophenoxy: acetic acid. The chemical 
proved less eae on nutgrass than 2,4-D. 

Maleic hydrazide at 12 and 20 oallons per acre was ineffective in 
reducing the number of live tubers. 

L periments with fumigants—Soil fumigation with chloropicrin 
was found to be an effective means of eradicating nutgrass in Texas 
(23), but this method was too expensive for large- “seale field applica- 
tion. Calcium thiocyanate was reported to eradicate nutgrass at the 

rate of 1.400 pounds per acre (22). Day (7S) has suggested the use 
of chlorobromopropene as a treatment for small areas of infestation. 
Leonard and Harris (27) reported that applications of 1, 2, and 4 
pounds of methyl bromide per 100 square feet, made to loose soil cov- 
ered with vaporproof sisalcraft paper, caused 100 percent tuber mor- 
tality. On heavy compact soil results were unsatisfactory. 

In Sao Paulo Shell D-D (a mixture of 1,2-dichloropropane and 
1,8-dichloropropylene) was found to give more efficient control than 
Dowfume W-10 (10 percent ethylene dibromide). Applications were 
most efficient when made at the rate of 15 ml. per 30 x 30 cm. spacings. 
Tt is recommended that an interval of 20 to 30 days be allowed to elapse 
after treatment and before planting, in order that the fumigant may 
dissipate and not injure the crop. Carbon bisulfide at 4, 500 pounds 
per_acre was also reported effective (70). 

Three of the most promising fumigants—chloropicrin, ethylene 
dibromide, and methyl br omide—were tested for nutgrass control j in 
the following experiment at this station. 

Two of the fumigants, chloropicrin and ethylene dibromide, were 
each tested at the rate of 3 3, 6, and 12 ml. per square foot. The fumi- 
gants were applied in furrows about 6 inches deep and 6 inches apart 
to plowed and disked land. The furrows were then covered with soil 
and the fumigant sealed by watering the soil. 

Ethylene dibromide apphed at 6 ml. per square foot was almost as 
effective in eradicating nutgrass as was the 12 ml. rate, but at 3 ml. 
the control was poor. Plots treated with 3 3, 6, and 12 ml. of chloro- 
picrin per square foot developed a luxuriant stand of nutgrass. This 
fumigant not only failed to control the nutgrass under the conditions 
of the experiment but at the low concentration seemed to stimulate 
it. The poor results with chloropicrin may be attributed to the fact 
that a water seal was used instead of a gasprooft cover. Most of the 
fumigant probably escaped after the water evaporated. Figure 7 
shows representative plots of each treatment 4 months after “appli- 
cation. 

Ethylene dibromide may have been more effective than chloropicrin 
under the conditions of this experiment because it has a greater 
density, and diffusion out of the soil was probably slower. 

Although the ethylene dibromide at 6 and 12 ml. per square foot 
eradicated nutgrass, it does not appear practical for use on a large 
scale because of the high cost of the material. 

Since Leonard and Harris (27) reported good results in eradicating 
nutgrass in Mississippi by fumigating the soil with methyl bromide. 
this method was tested under Puerto Rican conditions. 

A level area of Toa silty clay loam heavily infested with nutgrass 
was divided into 8 plots, 6 plots 10 x 10 feet and 2 plots 10 x 20 


STUDIES ON NUTGRASS AND ITS CONTROL 19 


FIGuRE 7.—The photographs on the left show plots 4 months after treatment with 
ethylene dibromide at the rate of 3, 6, and 12 ml. per square foot. Plots on 
the right were treated with chloropicrin at 3, 6, and 12 ml. per square foot. 
Note the excellent control with ethylene dibromide at 6 and 12 ml. However, 
even at the 6-ml. rate, this treatment is too expensive to be practical. Methyl 
bromide is equally effective and more economical. 


feet. Four of the plots were plowed 6 inches deep and the other 4 
were not plowed. All the plots were then covered with heavy sisal- 
kraft paper and the borders sealed with soil. Methyl bromide was 
applied under the cover at the rate of 0, 14, 1, and 2 pounds per 100 
square feet. After 48 hours the paper cover was removed. The 
number of live tubers to a depth of 9 inches was determined in all 
plots before treatments were applied and 3 months after. The soil 
temperature at the time of treatment was 27° C. and the air tempera- 
ture was 82.5° C. Throughout the experimental period soil moisture 
was adequate. 


20 FEDERAL EXPERIMENT STATION, PUERTO RICO 


The data obtained (table 2) showed that 14 to 1 pound of methyl 
bromide apphed to 100 square feet of plowed ground was effective in 
killing the nutgrass tubers to a depth of 9 inches. The 2-pound rate, 
which would normally be expected to be at least as effective as the 
14- and 1-pound rates, gave less control because some of the fumigant 
escaped through a hole which was accidentally made in the paper 
cover at the time the methyl bromide was applied. This accident 
demonstrates the importance of maintaining well-sealed, gasproof 
covers over the fumigant. The data also show that much better pene- 
tration of the soil results when the land is plowed; treating unplowed 
soil was ineffective (fig. 8). 


TasieE 2.—/ fect of methyl bromide on nutgrass tubers 


| Initial tu- 
: Tube ts 3 h 
Methy] bro- Pear DAT e ea ere : 
sR anes Soil depth Soil preparation 
feet (pounds) Tubers per Tubers per} Dead 
square foot square foot tubers 
Inches Number si Number Percent 

| etm etree te 0-3 A32, || Not ploweds-s5 2225. abies 291 
Plowedet. Go o5s sacra e ene SZ al 
3-6 203. Noteplowed= tee = = —aaee ame 56 67 
PlOWeGi22 4 ee ees ies 210 18 
6-9 BHO tie 0) OREO Soe es Se 15 53 
PIlOWedea.. 5 aot see tae 94 1s 
NETS 0-3 294" Not plowedes =.= een 657 5a 
PlOWEd 2 SaaS eee ea 21 100 
6 104 | Not plowed 2 > | 109 36 
RIG wede ee 2 ae aaa 28 100 
6—9 15 | Not plowed___- ios i 51 14 
ION CCise a ee eel trp ee oe 6 100 
j Daa aoe eae 0-3 SOP INOS SCN EC ae ee Se 367 69 
lowed Shoe Sha ees 52 96 
3-6 44) Not ploweds 2-22. 1222) 1300 83 
Plowedet =. ctr ater ee 184 92 
6-9 LON NOt plowed ess aL thc Sees 40 60 
Plowede vets s N25 etehes | 99 92 
phe ee 0-3 276| Not plowed 2 | B84 71 
lowes = ses ea en se 2 | 163 80 
3-6 85 | Not plowed__.____.._____ ss 82 
Blowedess 2.22) 3202 2s Z 164 84 
6-9 13 | Not plowed___-_ ard g. 35 85 
Pl OwiG Gites eee e dese aie 99 81 


1 Counts were made on Oct. 4, 1950. 

2 At the time the treatment was applied a hole was accidentally made in the 
paper covering these plots. This allowed some of the fumigant to escape and 
probably accounts for the incomplete killing of the tubers. 
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FicurE 8.—Photograph illustrates the importance of plowing before fumigating 
the soil with methyl bromide. The plot at the left was plowed to a depth of 
6 inches, then treated with methyl bromide at the rate of 1 pound per 200 
square feet. The plot at the right was treated at the same rate, but it was 
not plowed before treatment. The photograph was taken 3 months after 
treatment. 


EKuperiments with temporary soil sterilants, TCA, and CMU —Soil 
sterilants like the chlorates and arsenicals have many disadvantages 
but 1f used in sufficient quantities they will kill nutgrass. Sodium 
chlorate applied at the rate of 4 cwt. per acre proved to be effective in 
Queensland (50). A significant initial reduction in stand was ob- 
tained with TCA (sodium trichloroacetate) in Louisiana (72), but 
no permanent reduction of tubers was found in the soil. 

Both TCA and CMU (3-[para-chloropheny] |-1,1-dimethylurea ) 
were tested at this station in the following experiments to control 
nutgrass. In 1 experiment TCA was applied at the rate of 218 pounds 
per acre to 4 plots. One-half the amount was apphed to 2 of the 
plots; the land was then disked, and the remaining half of the herbi- 
cide was applied. In the other 2 plots the full amount of herbicide 
was sprayed directly on the undisturbed nutgrass. 

Two months later the plots that had been disked and treated with 
TCA were free of nutgrass and other vegetation, but the undisturbed 
and treated plots had considerable nutgrass which was chlorotic and 
unthrifty. Examination of the soil showed that 80 percent of the 
tubers had been killed in the disked and treated plots, but that enough 
live tubers remained to reinfest the area. 

To study the effect of TCA on tubers located at different depths 
in the soil the following experiment was carried out under greenhouse 
conditions where environmental factors could be controlled better. 

Mature tubers were selected from a plowed field and divided into 
lots of 50 tubers each. Five-gallon earthenware jars (coffee urns) 
were filled with a uniform mixture of screened soil, free of nutgrass 
tubers. Duplicate ae of jars were each planted with 50 tubers at 
the following depths: 1, 2, 4, 6, 8, 10, 12, 15, 20, 25, 30, and 35 inches 
below the soil surface. (Steel drums 36 inches high were used as 
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FIGURE Peete tase plants that developed from tubers planted in the soil at 
depths of 1, 2, 4,6,8,10,12, and 15 inches. The plants were harvested 4 months 
after planting. Note that the height of the shoots is about the same regard- 
less of the depth at which the tubers were planted. 


containers for the last four plantings.) After planting, the required 
depth of soil was placed on top of the tubers, firmed gently without 
packing, and watered to field capacity or until excess water drained 
from the holes at the bottom of the jars. One member of each pair of 
jars was treated with a solution of sodium TCA at the rate of 100 
pounds per acre. At intervals of 1 week, or when needed, 14 inch of 
water was added to all jars. Emergence counts were taken at intervals 
ranging from 5 to 133 days after the tubers were planted. 

As might be expected, the time and percentage of emergence of nut- 
grass seedlings in the untreated jars was correlated with the depth at 
which they were planted. Of those planted 1 inch below the surface, 
more than 50 percent emerged within 5 days after planting and almost 
all had emerged by the eighth day. Of those planted at 2 and 4 inches 
below the surface almost all had emerged by the twelfth day. On 
the eighteenth day a majority of the tubers planted at 6- and 8-inch 
depths had emerged, whereas 24 and 37 days, respectively, were re- 
quired for the majority of tubers planted at 10- and 12-inch depths to 
emerge. Fifty percent of the tubers planted at 15-inch depth emerged 
after 37 days and all had emerged in 60 days. Of those planted at 20- 
inch depth, 3 seedlings emerged after 18 days and no more had emerged 
at the end of 133 days. Of those planted at 25, 80, and 35 inches, 1, 2, 
and 2 seedlings, respectively, emerged 37 days after planting and no 
more had emerged at the end of 133 days. Figure 9 shows the plants 
that developed from tubers planted 1 to 15 inches deep in untreated 
soul. 

In the treated jars with tubers planted at 4- to 12-inch depth, 1 to 
15 seedlings emerged between the 8th and 18th day after planting, 
but all of these soon withered and died as they came in contact with 
the TCA in the soil; by the 37th day all the treated jars were free from 
nutgrass seedlings and remained that way for over 3 months. How- 
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ever, by the end of 133 days, from 3 to 28 seedlings had developed in the 
treated jars regardless of depth of planting (from ito anches),. 
There was no consistent relationship between depth of planting im 
treated jars and the number of seedlings which finally emerged after 
133 days. 

The results of this experiment indicate that mature nutgrass tubers 
germinate, and that about 100 percent of the young seedlings emerge 
even when the tubers are located 15 inches below the surface of the 
soil. However, the time required for emergence is directly corre- 
lated with the depth at which the tubers are located in the soil. When 
the tubers are located 20 inches or deeper below the surface the emer- 
gence of young sprouts is greatly inhibited, but 2 to 6 percent of the 
tubers spr outed 37 days after planting, and this is probably enough 
eventually to infest an area. Treatment of the soil surface with so- 
dium TCA at 100 pounds per acre inhibited the growth of tubers 
planted at all depths for a period of 3 months, but ‘at the end of 133 
days, 6 to 56 percent of the tubers had produced shoots regardless of 
depth of planting from 1 to 15 inches. By this time the TCA had 
been either leached or inactivated and apparently some buds on some 
tubers were still alive. The data obtained in this study help to explain 
some of the erratic results obtained in the field trials. 

To obtain additional information on the effect of TCA on germina- 
tion of nutgrass tubers, mature tubers were selected from a field collec- 
tion, divided into 77 lots of 30 tubers each, and immersed for 5, 10, 20, 
40, 80, 160, and 320 uaatce in solutions of sodium TCA of the follow- 
ing concentrations: 0, 10, 50, 100, 190, 380, 750, 1,500, 3,000, 6,000, and 
12,000 p. p. m. After immersion the tubers in each treatment were 
divided into three replicates of 10 each and these were planted, without 
washing, in moist soil. Counts of young sprouts were made 5 weeks 
after planting. 

Germination of tubers was inhibited somewhat by immersion in the 
TCA solutions particularly in those of high concentrations and at 
the long exposures, but in no instance was it completely inhibited. 
Under field conditions there is an initial reduction in stand of nutgrass 
caused primarily by the toxic action of the herbicide on stem, ‘leaf, 
and bud portions of the plants. As long as lethal concentr ations of 
TCA remain in the soil, new plants which arise from buds on the tubers 
are killed. However, after the toxicity of TCA disappears because 
of leaching or inactivation, there are usually one or more live buds 
remaining on the nutgrass tubers and these sprout and reestablish 
the stand. If TCA is applied at the rate of 100 pounds per acre and 
this is uniformly distributed in the surface 6 inches of an acre of soil, 
the concentration of TCA would be about 50 p. p-m. In the present 
experiment, exposure of the tubers to a concentration of 12,000 p. p. m. 
for over 5 hours did not kill all the buds on the tubers. 

Since CMU, 3 para-chlorophenyl-l, 1 dimethylurea, has been shown 
to be an unusually potent herbicide that persisted in the soil for long 
periods of time (30), it was tested in the following experiments to 
control nutgrass. 

A flat area with a heavy stand of nutgrass was divided into 2 ran- 
domized blocks with 4 treatments each. One block was plowed to a 
depth of 6 inches and the other block was left undisturbed. CMU was 
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applied in the form of 80-percent wettable powder with a knapsack 
sprayer at the rate of 0, 20, 40, and 80 pounds per acre to plots in 
each block. 

The number of live tubers in samples of soil at 3-inch intervals, 
to a depth of 9 inches, was determined before the treatments were 
started and 544 months after the herbicide was applied. Although 
there was a reduction of 80 to 90 percent in the number of live tubers 
at the 80-pound rate encugh live tubers remained in the soil to reinfest 
it. This experiment showed that although a single application of 
CMU at relatively high rates reduced the infestation of nutgrass it did 
not eradicate it. 

The results of the foregoing experiment with CMU suggested that 
the depth at which the tubers were located in the soil might determine 
the effectiveness of CMU application. The following experiment was 
conducted to study the effect of CMU on tubers located at different 
depths in the soil. It was carried out under greenhouse conditions 
where environmental factors could be better controlled. 

Mature, healthy tubers were collected from a plowed field and 
divided at random into lots of 20 tubers each. Five-gallon earthen- 
ware Jars (coffee urns) were filled with a uniform mixture of screened 
soil free of nutgrass tubers. Duplicate sets of jars were planted with 
20 tubers each at depths of 1, 2, 4, 6, 8, 10, 12, and 14 inches below 
the surface. After planting, the required depth of soil was placed on 
top of the tubers and firmed gently without packing. AI] jars were 
watered to field capacity and one member of each pair of jars was 
treated with CMU at the rate of 40 pounds per acre. The required 
amount of CMU was dispersed in water and sprayed on the surface 
of the soil. After the treatments were applied, the jars were watered 
as needed with the equivalent of 14 inch of water. Five and one-half 
months later the soil was washed from the jars and the number of 
live and dead tubers counted. The average fresh weight of the live 
tubers was also determined. These data are presented in table 3. 


Taste 3.—/ fect of soil surface treatment with CMU on growth and 
propagation of nutgrass tubers planted 1 to 14 inches in depth? 


5 Rus! Tubers per jar ie 
Plant Total f Ae 
dept of Shoots per jar erent cn nes | pe 
20 tubers ike mead | per jar 
Jano tt . 
1952 | i | = 
(inches) Check | Treated | Check | Treated | Check | Treated| Check | Treated | Check | Treated 
Milli- Milli- 
Number | Number | Number | Number | Number| Number| Grams | Grams | grams grams 
i eine ae 53 0 184 0 0 Li SoA st 0) 294 0 
Dig: eee 48 0) 234 0) 0 L5 | 04.5 0) IAT 0) 
7 ee es 45 Jel! 223 31 0 Jide Set 2 Ze ds 234 CAT 
Geese 62 3 7115 DD, 0 1345028 3. 9 236 Li? 
Sinisa 47 Real 235 i) 1 LZ 25520 2.8 234 186 
1) eee 33 9 141 15 0) ss {i 2B a2 166 213 
| ag eon i 45 6 130 8 4 See 220 170 325 
| Ps SP etl 30 16 156 59 1 10 | 31. 4 9. 0 202 152 


1 Data obtained June 27, 1952, 5 months after planting and treatment. 
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Tubers planted 1 to 8 inches below the surface of untreated soil 
increased 9- to 11-fold during 5144 months. Those planted 10 to 14 
inches below the surface of untreated soil increased 7- to 8-fold duri ing 
the same period. All tubers appeared healthy regardless of depth 
of planting, but the tubers developed from those planted 1 to 8 inches 
below the surface were larger and heavier than those developed from 
tubers planted 10 to 14 inches deep. 

Tubers planted 1 and 2 inches below the surface of treated soil 
were completely eradicated. Those planted at a 4-inch depth in- 
creased in numbers, but they were very small and shriveled as evi- 
denced by the average weight per tuber (77 mg.), compared with that 
of the corresponding check tubers (234 mg.). ~Tubers planted 6 to 12 
inches below treated soil showed little or no increase in numbers dur- 
ing the 514 months, but instead there was considerable decrease at 
most planting depths. However, as the planting depth increased the 
size and weight of the surviving tubers increased. Tubers planted 
14 inches below treated soil increased threefold in number, and these 
appeared healthy though somewhat smaller than the corresponding 
check tubers. 

These data show that CMU can eradicate nutgrass tubers within 2 
and possibly 4 inches of the soil surface. They also show that CMU 
has a strong inhibitory effect on tubers planted as deep as 14 inches 
below the surface. However, the deeper the tubers are located the 
better chance they have of surviving the effects of the CMU. Eventu- 
ally the toxicity of the CMU is dissipated and the deep tubers can 
sprout and reinfest an area. Therefore an effective program of eradi- 

cation should include repeated deep plowings to bring the tubers to 
the surface, followed by CMU treatment. 

The experiments described showed that high rates (80 pounds per 
acre) of CMU greatly reduced the population of nutgrass tubers in 
the soil but did not eradicate them. Field and oreenhouse studies 
indicated that (1) CMU remained near the surface of the soil regard- 
less of the amount of rainfall, and (2) the tubers located deep in the 
soil are protected somewhat from the toxic action of CMU sprayed 
on the soil surface. Thus, the tubers located deep in the soil do not 
come in contact with the herbicides and remain viable. In view of this 
fact, an experiment was planned in which relatively low rates of CMU 
were combined with alternate plowings to bring the nutgrass tubers 
in contact with the herbicide. Plots treated with 9A- D and TCA 
were also included in the experiment for comparison. 

Plots 30 x 15 feet of plowed and disked Toa silty clay soil heavily 
infested with nutgrass were sprayed in May with the following 
formulations : 40 and 20 pounds of CMU Bee acre; 20 pounds of CMU, 
20 pounds of TCA; 20 pounds of CMU, 20 pounds of TCA, 5 pounds 
of 2.4-D; 20 pounds of CMU, 5 pounds of 2,4-D ; 40 pounds of TCA; 
5 pounds of 2,4-D. Two control plots were included, 1 plowed and 1 
not plowed. Six weeks after the herbicides were applied the treated 
plots were plowed and treated again at the indicated rates. After 14 
weeks one-half of each treated ‘plot was plowed and again treated. 
Counts of live tubers to a depth of 12 inches were made in December. 

The data presented in table 4 show that 6 months after the initial 
treatment all plots in which CMU was applied either alone or in 
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combination with 2,4-D and TCA had only a few live tubers remain- 
ing. On the other hand, check plots and those treated with TCA had 
over 600 tubers per cubic foot, and plots treated with 2,4-D had 250 
tubers per cubic foot. 


Taste 4.—Counts of live nutgrass tubers per cubic foot of soil, 6 
months after treatment with CMU, TCA, or 2,4-D, alone and 
combined 


2 plowings, 6 weeks | 3 plowings, 6 and 8 
apart, each followed weeks apart, each 
by application at followed by applica- 

Treatments indicated rate tion at indicated rate 
Tuber counts per Tuber counts per 

cubic foot cubic foot 
Number Number 

Controle(olow ca) 2 aes ele eee 2 

Control G@motaplowed)hes =a eee 621 (2) 

ZU) orowinG Ryjevere OIMOU) 2 oe 7 4 

20: pounds/a-© MU ee ee ee ZR 5 

20 pounds aa @ NEU es eee ee ae : i 3 

20 pounds) pelhC Ae = sae eee ae 2 

2) pounds/aq© MiG ne ee ee 

Z0mounds/a LOA] Sasa oe ee ee 25) 5 

5 pounds/a, 24D es ee cere = oi 

20; pounds/ac© NWS oe se se ee ee \ 3 9 

Spounds/ag2, = 

40 pounds/aglG A. 2 <2. yee eee | 735 | 615 

5 spounds/a. 2-4) = se ee eee | EST | 250 


1 Average number tubers per cubic foot at start of experiment 170. 

2 No data taken. 

The results of this experiment demonstrate that two applications of 
CMU at relatively low rates each preceded by plowimg is more effective 
in killing nutgrass tubers than a single application of CMU at a high 
rate. Figure 10 shows a plot treated twice with 20 pounds per acre of 
CMU and plowed before each application. The photograph was taken 
4 months after the last plowing. 


SUMMARY 


Studies on the life history of nutgrass showed that this plant re- 
sembles others in many of its characteristics. ‘These basic investiga- 
tions are discussed in detail in the section on morphogenesis. From 
the standpoint of control, 1t was particularly important to know that 
tubers separated from the chain sprouted at equal rates and that hght 
stimulated sprouting. New tubers were formed within 3 weeks after 
sprouting. ‘These results suggested that control methods should con- 
sist of disturbing the underground system as much as possible to bring 
the tubers to the surface and to induce maximum sprouting before 
treatment. ‘Treatment should be apphed within a few weeks after the 
first sprouts appear. 

The most reliable method of determining the degree of infestation 
or control is to count the number of live tubers to a depth of 9 to 12 
inches in the soil. A false estimate of the nutgrass population is often 
given by counting only the shoots. 
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FigurE 10.—Shows the good control of nutgrass achieved with two applications 
of CMU each at 20 pounds per acre, preceded by two plowings 6 weeks apart. 
The photograph was taken 4 months after the last plowing. Examination of 
the soil to a depth of 12 inches showed only an occasional live tuber. Note the 
nutgrass in the foreground on a plowed but untreated plot. 


The effect of several chemicals in controlling nutgrass was tested. 
The results obtained have been discussed under the appropriate sections 
and are summarized here. 

Repeated treatment of shoots with 2,4-D over a long period of time 
during which the ground remained fallow reduced but did not eradi- 
cate the tubers. 2,4-D was more effective when applied after the 
ground had been plowed than when it was applied first and later mixed 
with the soil. 2,4-D was also more effective when it was applied to the 
soil a few weeks after the land had been plowed. Temporary control 
of the nutgrass shoots in corn and sugarcane was achieved by spraying 
the growing weeds with 0.2 percent 2,4-D. The ester formulation 
was found to be better for killing the shoots than the sodium or amine 
salts, but the salt formulations were more effective in killing the tubers 
in plowed soil. One disadvantage in the continuous use of 2,4-D is 
that it frequently encourages resistant and more troublesome weeds 
like Bermuda grass to become the dominant species. 2,4,5-T. was 
much less effective than 2,4-D in controlling nutgrass. 

A rapid-growing forage crop like velvetbeans was grown success- 
fully without weed control in a moist area heavily infested with nut- 
grass. However, the nutgrass was not eradicated, but only suppressed 
during the time the legume was present. 

Of the three fumigants tested—chloropicrin, ethylene dibromide, 
and methyl bromide—the last was by far the best from the standpoint 
of effectiveness and economy. One-half pound applied to 100 square 
feet of plowed soil covered with a gastight cover for 48 hours killed 
all the nutgrass tubers to a depth of 9 inches. Although this method 
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is not practical for large-scale application, it 1s well suited to small 
vegetable or garden plots. The method has the very desirable advan- 
tage that the land can be planted within a week or so after treatment 
and also that many soil-borne insects and diseases are killed by it. 

Of the temporary soil sterilants tested, the most effective one to date 
is CMU. Control, approaching eradication, was obtained by alter- 
nately plowing and treating the soil with CMU at the rate of 20 
pounds per acre. At least 2 plowings and 2 applications of CMU 
were required for practical eradication of nutgrass. The main dis- 
advantage of this method, other than the cost, is that CMU persists in 
the soil for several months and the land must lie fallow for an extended 
period of time before crops can be planted. 

Pentachlorophenate applied at the rate of 30 pounds per acre at 
monthly intervals for 3 months greatly reduced the number of tubers 
in the soil but did not eradicate them. 

TCA applied at relatively high rates (over 200 pounds per acre) 
was only partly effective in killing the tubers. TCA has the disad- 
vantage that it leaches rapidly and does not persist long enough in the 
soil to be effective. 

Repeated plowing under humid, tropical conditions increased the 
nutgrass population in the soil. 
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